Introduction
the application of DnA analysis in forensic work is collaboratively connected with the legal requirements set in the civil and criminal law of the judicial system in the Republic of Bulgaria. in the course of judicial investigations concerning the procedural handling of civil cases, there arise a number of issues and one of the most important ones is the determination of parentage of the children, the so-called paternity or maternity in cases of disputed parentage.
in the civil trials, DnA tests are most often associated with determining the parentage of children and, in particular, the determination of the probability of paternity for an alleged father. in these cases, DnA analysis aims at comparing the genetic profiles of the mother, the child and the alleged father, and at answering some basic questions: can a child's genotype be deduced from the characteristics of the genotypes of the respondents, is the man the biological father of the child, and if so, what is the probability of his paternity in relation to that child (20) . the methodology of AmpFlP analysis allows to give a definitive answer to these questions and two options are possible, namely, first, either a definitive exclusion of paternity or, second, its confirmation with a probability of over 99.9999 %. The same principle can be used to exclude or prove the probability of a woman being the biological mother of the child.
in the preliminary proceedings conducted on the criminal Procedure code, with investigations related with the identification of unknown persons, mutilated corpses, or parts of them, DNA expertise is ordered for the identification of bodies or for proving the origin of parts of a deceased person. this is possible using a comparative analysis of the genetic profiles of possible relatives of the wanted persons, who are reported missing or unaccounted for, which aims to find a probable relationship between the compared persons. DNA identification can also be performed using other family relations, as carriers of the unchanged Y-chromosome in the male line, for example, brothers, uncles, grandfathers and great grandfathers (11) . opportunities with a good potential for DnA identification are provided by comparative investigations with the mother and her children who are allegedly the biological children, while she is the wife of the man for whom the investigation is done.
the review of research on this topic, and in particular, the exclusion of paternity, shows that three methods for testing and statistical analysis of the results from different types of target groups and statistical sampling are mainly used. the first method includes a group of randomly selected families or families selected according to ethnic, social and geographic criteria (3, 8, 13, 14) . the second one is based on a study group of children selected according to the same principle (5, 19) , and the third method includes individuals studied in relation to establishing parentage of children in connection with civil cases (6, 9). For this reason and most likely due to lack of a comprehensive and most accurate method for investigation in this area, the indicators of exclusion of paternity are in the broad range from 0.3 % to over 40 %.
This study is based on the data from expertise and research on disputed parentage carried out in the laboratory for DnA analysis in the Department of Forensic Medicine and Deontology -Sofia, over a period of thirteen years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , and on comparative analysis with international research on this topic.
Materials and Methods
The method of DNA analysis in expertise and investigations in cases of disputed parentage and for identification of the individual has been routinely implemented in the laboratory for DnA analysis in the Department of Forensic Medicine and Deontology since 1998. Samples of venous or capillary blood, smears from the mouth lining or other biological materials with cells containing nuclei, were taken as biological material for the extraction of individual DNA from the tested and compared persons.
A total of 543 women, 696 children, and 683 alleged fathers were tested for disputed paternity; 9 tests for disputed maternity were made; and 7 deceased persons were tested for identification of parentage.
DNA extraction
Extracting DNA from buccal mucosa smears of the compared persons was carried out under an FBi forensic protocol provided by liFe technoloGieS (Debra nickson, technical services; 29.01.97). Stain Extraction Buffer with 0.01 mol/l tris, 0.01 mol/l eDtA, 0.1 mol/l nacl, 0.039 mol/l Dtt, 2 % SDS characteristics was used, and Protinase K (20 mg/ml) was added later. An organic phenol extraction (phenol:chloroform:isoamyl alcohol = 25:24:1) was carried out after an 18-hour incubation at 56 °c. DnA precipitation was performed with absolute alcohol, cooled to -20 °C. The extracted DNA was dissolved in TE-4 Buffer to a volume of 50 μL, stored at -20 °C.
the blood samples taken from compared persons were processed for DNA extraction as described by Promega corporation (17) : consecutive pouring of erythrocyte lysis buffer (155 mmol/l nh 4 cl, 10 mmol/l Khco 3 , 0.1 mmol/l eDtA) and nucleo lysis buffer (75 mmol/l nacl, 25 mmol/l eDtA) over the material, treatment with 2 % SDS and Proteinase K (20 mg/ml) and subsequent organic phenol extraction and precipitation with absolute alcohol, cooled to -20 °C. The extracted DNA was dissolved in TE-4 Buffer to a volume of 50 μl, stored at -20 °C.
PCR
Polymerase chain reaction (PcR) involves three basic steps: thermal denaturation, annealing and extension. PCR for the samples was carried out using Peltier termal cycler 200 (MJ Research, USA) in a 25 µl volume containing: 1X Buffer, 1.5 mmol/l Mgcl 2 , 0.2 mmol/l dntPs, 0.17 mg/ml BSA, cy 5' Primer A and Primer B 0.4 pmol/µl for the studied StR markers for the material from the buccal mucosae and the blood samples from the compared individuals (Pharmacia lKB), 1 U taq DnA polymerase (Recombinant -GibcoBRl -licensed by life technologies, inc. under US patent n 5,338,671), ddh 2 O and template (extracted DNA).
Fragment analysis
Fragment analysis was performed using an automatic sequencer ALFexpressTM DNA Sequencer (Amersham Pharmacia Biotech) by ultrathin (0.5 mm thickness of the gel on a short thermocassette) vertical, denaturing polyacrylamide high voltage electrophoresis 6 % PAAG 0.65X TBE, 7 mol/L Urea or ReproGelTM (Ge Healthcare Bio-Sciences AB) 1X TBE, 1500 V, 60 mA, 25 W, 50 ºc, laser detection of fragments and computer analysis by Fragment managertM V1.2 Software (Amersham Pharmacia Biotech) (12) .
Analysis control was accomplished by: internal standards -AMEL 106 BP and H16401-L16110 347 BP, external standard Sizer 50-500 (Amersham Pharmacia Biotech), and sequenced allelic ladders for relevant StR markers, as described by Decorte (7) and kindly provided by the national laboratory of Molecular Pathology at the University hospital of obstetrics and Gynaecology, Sofia, Bulgaria (21) .
the DnA analysis in disputed parentage cases is based on comparative analysis of genotypes (DNA profiles) of the biological mother, child and the alleged father.
in the children's genotype the alleles that are inherited from the biological mother are identified first. The other alleles come from the biological father of the child and, therefore, are compared with the genotype of the alleged biological father. When the children's genotype contains alleles from the father, which are not present in the genome of the tested man, this is an irrefutable evidence for the exclusion of the man's paternity. Paternity is rejected on the basis of a mismatch of two or more alleles in the studied markers, as in rare cases, the emergence of new alleles due to mutations is possible. When the child's genotype in the remaining 50°% may be formed by the alleles contained in the genotype of the alleged biological father, paternity is not excluded and a biostatistical determination of the probability of paternity is done.
The statistical frequency (δ), which represents the probability for a randomly selected male from the population to be the father of the child, is calculated, i.e. this is the probability that another individual should have the same genotype combination as the alleged father. this probability is the frequency with which this genotype is found in the population and is equal to the product of the allele frequencies of the father's alleles in the child's genotype. if the alleged father is heterozygous according to some of the studied loci, the allele frequency of the inherited allele is multiplied by 0.5, because the probability for the child to inherit this allele is ½. In a homozygous form in a studied locus the specific allele frequency is used, since only this allele can be transmitted to the children's genotype. The paternity index (PI) is the ratio between the likelihood of the tested alleged father to pass the tested alleles to the child's genotype (β) and the likelihood for a randomly selected male from the population to pass the same alleles (δ):
-PI = β , δ where in the homozygous form of the inherited allele, the likelihood of passing it to the child is 1 and in the heterozygous form, 0.5. the product of these probabilities for the studied loci in the combined genotype gives the total value of β. the probability of paternity (PP) is the probability that the tested man may be the biological father of the child and is the percentage expression of the ratio: β PP = ---× 100.
β + δ For match of alleles, which can be passed from the alleged father, the calculated values for PP are in the order of 99.9999999... %
We did biostatistical analysis of the results according to the frequencies of matching alleles of the compared child and the alleged father using the respective markers. The identified allele frequencies and the forensic statistical parameters for the set of tested basic StR markers are published by hristov et al. (10) .
Results and Discussion
During the period 1998-2010 we analyzed 680 cases of disputed parentage (paternity and maternity). one hundred and twenty-two cases were connected with exclusion of paternity (17.99 %) based on the presence of alleles in the child's genotype that cannot have been inherited from the alleged father.
in 7 out of 9 comparative studies on suspicions of a baby mix-up which occurred in maternity wards exclusions of maternity were not established. in two of the legal cases maternity was excluded (in 2009) but they were not cases of suspected baby mix-up.
In five cases we found isolated uniloci genetic incompatibilities between the child and the alleged father, on markers vWF, FIBRA, D7S820 and DYS19, respectively. In these cases we did extensive DNA profiling, since in all other loci there was no exclusion and the paternity index in the statistical analysis with the exception of the non-compliant system was in the order of > 99.9999... %. certainly in these cases there existed the probability for a mutation and the man was not excluded as the biological father of the child (12) .
In all cases indicating no exclusion of paternity in 13 key genetic markers, the calculated probable percentage value of probability of paternity was > 99.9999... %. When additional markers in a set over the thirteen basic ones were introduced in the investigation, the values of probability of paternity were shown to be > 99.99999 %. During the study period we did seven successful identification studies of cadaver remains and of parts of deceased persons in comparative studies with probable relatives.
the conducted population studies and the application of data obtained in studies showing controversial parentage show a discriminatory set of genetic markers used for the Bulgarian population. the calculated value for the probability of paternity is within optimal limits required by the court for the award of paternity.
Comparing the annual results expressed as the number of exclusions of paternity until 2003 shows a relatively constant rate, an average of 11.00 % of the total number of studies in controversial parentage ( Table 1 and Table 2 ). Since 2004 a tendency for an increase in the percentage of exclusions of paternity, which peaks in 2006 and 2009, is observed ( Fig. 1  and Fig. 2) . Out of the cases covered in this study the exclusion on the basis of three loci was observed in 22 cases; on the basis of four loci, in 53 cases, and paternity was excluded on the basis of five to nine genetic markers in the rest. In the course of the research we also identified 10 cases in which in one genetic marker mutations occurred in one of the studied gene loci.
the analysis of the test results obtained over the period from 1998 to 2005 shows that 410 expertise cases in controversial parentage were done. in 61 of these cases, the paternity of the alleged father was excluded. The estimated average rate of paternity exclusions from 1998 to 2005 was 14.87 %.
the analysis of the test results obtained over the period from 2006 to 2010 shows that 270 expertise cases on controversial parentage were done. in 61 of these cases, the paternity of the According to data from tests conducted by our method of DNA profiling in the laboratory for DNA analysis in DFMD -Sofia, the average rate of paternity exclusions during the 1998-2010 period was 17.99 % (122/680).
In research reports, the exclusion of paternity is often determined as accounting for approximately 10 %. However, a comprehensive scientific review of international studies on excluded paternity published since 2005, shows an incidence ranging from 0.8 % to 30 % (mean value -3.7 %), suggesting that the widely cited figure of 10 % is incorrect. In cases where paternity is challenged in court and is the reason for paternity testing, the exclusion levels were higher, with an incidence of 17 % to 33 % (mean value -26.9 %) (4, 15, 16, 18) .
As we mentioned above, published research mainly mentions the use of three main methods to study different types of target groups in cases of paternity exclusion. The first method includes a group of men (families) who were randomly selected or selected according to ethnic, social and geographic criteria; the second one is based on a study of a group of children and the comparison with their declared parents; and the third method encompasses the persons investigated in connection with the establishment of the paternity of children in the civil cases filed in court.
For this reason and most likely due to lack of a comprehensive and most accurate study method, the indicators of exclusion of paternity are within the broad limits of 0.3 % to over 40 %.
The first method -a randomly selected group of men (families). According to survey data involving a representative sample of 1678 men from South Africa, the percentage exclusion of paternity for each of the studied four ethnic groups are as follows: White (22 %), cape Malay (30 %), cape coloured (40 %), Black (41 %). the cited results show an average of 38 % of paternity exclusion (5) .
The second method -a group of children compared with their declared parents. in a study on 396 children from different regions of Mexico exclusions of paternity were established in the range between 9.8 % and 13.8 %.
The (6) were included. A study in Michigan, USA, of 1417 caucasian and 523 Afro-American children showed paternity exclusion in 1.4 % of the caucasian children, while in the Afro-American children this per cent was 10.1 (19) .
For the Portuguese population two groups of published studies showed values of paternity exclusion of 27 % (out of 83) and 29 % (out of 790), respectively (9) . Some studies are large, others are based on a small number of subjects, and the exclusions of paternity vary widely, from less than 1 % to 30 % and over. the higher rates were reported for the disadvantaged, those with more than one sex partner at a time as well as for younger women.
The application of the method of DNA profiling in determining the parentage of children gave us the opportunity to definitely determine paternity in order to achieve social and legal responsibility for raising children. the opportunity to identify individuals through DnA analysis of cadavers, altered beyond recognition, and cadaver parts, allowed the identification of individuals, victims of natural disasters, murders, suicides, accidents and automobile accidents.
We used a methodology based on a sample of the results of research conducted by us on persons in relation to lawsuits filed in connection with parentage of children. this methodology gave us the opportunity to determine with great probability the percentage of paternity exclusions for R Bulgaria which are closest to the actual ones. in research reports such national data have not been published until now and it would help to form a database and come to new social, sociological, ethical, medical and other conclusions.
the analysis of data from the studies on controversial parentage, in particular determining the probability of paternity, conducted over a period of thirteen years, showed that the Bulgarian population as part of the large european family manifests a more conservative sexual life. This could be explained by changes in the moral, social and economic development of our country. over the last 5 or 6 years of the studied period there was observed a tendency for a shift from conservative to more liberal sexual behavior in the younger generation in Bulgaria. this might require more frequent investigations for checking and determining of paternity. the children most at risk of parental inconsistency (exclusion of paternity) are those born to young parents, unmarried couples and those with lower socioeconomic status, or from certain culture groups. last but not least, a risk of parental inconsistency exists due to sexual contacts with more than one partner.
the presented data allow us to lay the foundations for a broader research concerning the parentage issues. To define the main conclusions on the subject it is necessary to examine many other factors such as age, socio-economic status of respondents, social policy, behavioral manifestations in ethnic groups, etc. These findings served as a good motivation for us in publishing the data from the obtained results concerning the controversial parentage of children with an emphasis on the determination of paternity, which could support the development of more accurate methods of analysis.
Conclusions
For the period of thirteen years we have carried out successful profiling and identification of individuals which led to increased rates of identification of missing persons by means of tests done on the bodies of unidentified people. The application of the method in cases of questionable parentage in civil cases increased the importance of evidence and facilitated awarding just sentences by the court, which is crucial for the future of children, by establishing a stable relationship between medical science and the system of jurisdiction.
